-J 



99 



DESCRIPTION 
Rolling Bearing and Heat Treatment Method for Steel 

5 Technical Field 

The present invention relates to a rolling bearing used for a section that requires 
long life against rolling fatigue and a suppressed rate of dimensional change over time, 
and a heat treatment method for steel. 
Background Art 

10 In order to obtain a bearing part having high strength and long life against rolling 

fatigue, the following heat treatment method is proposed to refine crystal grains. In 
other words, there is disclosed a heat treatment method including the steps of 
carbonitriding a surface layer of a bearing part in an ambient gas to which an NH 3 gas is 
added during quench heating, cooling the bearing part to a temperature lower than a 

15 transformation point Al, and heating the bearing part again to a temperature lower than 
the carbonitriding temperature to quench the same, to obtain austenite crystal grains of 
not more than 8 jam (see Patent Document 1). In this heat treatment method, the 
temperature for quench heating is made lower than the carbonitriding temperature, and 
hence it is necessary to use for quenching a special cooling method such as one using a 

20 higher cooling rate for sufficient hardening in quenching. 

Patent Document 1 : Japanese Patent Laying-Open No. 2003-2269 1 8 
Disclosure of the Invention 
Problems to be Solved by the Invention 

However, even if a special method is used in quenching, there still remain a 

25 problem in which a bearing part having a large size of a wall thickness and others fails to 
have stable material quality, and other problems. Therefore, there has been demanded 
a method capable of applying the superior heat treatment method proposed above, to a 
bearing part having a large size. 
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An object of the present invention is to provide a rolling bearing that has long 
life against rolling fatigue and exhibits no decrease in fracture strength and no increase in 
rate of dimensional change over time, regardless of its part size, and that can obtain 
higher strength by crystal grains being further refined, if its part has a size equal to or 
5 smaller than a prescribed size, and a heat treatment method for steel. 
Means for Solving the Problems 

A rolling bearing according to the present invention includes a race and a rolling 
element, and at least one member of the race and the rolling element has a nitrogen- 
enriched layer in its surface layer, and a surface layer portion contains austenite crystal 
10 grains having a grain size number of at least 11. A steel forming the member has a 

position exhibiting HRC50 in a hardenability test (JISG0561) apart from a quenched end 
by a distance of at least 12.7 mm (8/16 inch). 

Another rolling bearing according to the present invention includes a race and a 
rolling element, and at least one member of the race and the rolling element is formed of 
15 a steel containing 0.8-1.5wt% of carbon, 0.4-1.2wt% of Si, 0.8-1. 5wt% of Mn, and 0.5- 
1.8wt% of Cr, and has a nitrogen-enriched layer in its surface layer, and a surface layer 
portion contains austenite crystal grains having a grain size number of at least 1 1 . 

A heat treatment method for steel according to the present invention is used for 
a part formed of a steel containing 0.8-1.5wt% of carbon, 0.4-1.2wt% of Si, 0.8- 
20 1 .5wt% of Mn, and 0.5-1 .8wt% of Cr, and having a position exhibiting HRC50 in a 

hardenability test (JISG0561) apart from a quenched end by at least 12.7 mm. In this 
method, the part formed of the steel is carbonitrided or nitrided at 810-950°C, and 
subsequently cooled to a temperature range lower than a transformation point Al of the 
steel product, and subsequently heated again to a quenching temperature range not 
25 lower than the transformation point Al and lower than a temperature used for the 
carbonitriding or nitriding, to be quenched. 

With the configuration above, it is possible to obtain a fine austenite grain 
diameter, and thereby stably obtain a sufficiently favorable quench-hardened structure 
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regardless of the size of the bearing part, namely, whether the bearing part has a smaller 
size or a larger size, to obtain property that exhibits high strength and long life against 
rolling fatigue. Furthermore, the steel above has favorable hardenability, and hence can 
be applied to a large-sized bearing part, which is hardened insufficiently. Additionally, 
5 the steel above can provide long life against rolling fatigue and further improve fracture- 
resistant property and resistance to rate of dimensional change over time, not only by the 
hardenability, but also by a specific effect of the chemical components thereof 

In the above description, the hardenability test for steel (JISG0561) is made 
consistent with a Steel-Hardenability test by end quenching (Jominy test) in the 

10 International Standard ISO 642, and can be regarded as the same test method. The 
test method above requires a test piece having a size of approximately 25 mm in 
diameter and approximately 100 mm in length. If the test piece is formed into a shape 
of the rolling bearing part, for example, the size of the test piece required for the 
hardenability test cannot be ensured. Therefore, the hardenability test is conducted for 

15 a steel in the state of a raw material,, which steel has not yet been processed into the part 
shape. 

If a position exhibiting HRC50 in the hardenability test above is apart by less 
than 12.7 mm, hardenability is insufficient. Therefore, if the hardenability test is 
applied to the part having a large wall thickness, a central portion of the part is not 

20 hardened sufficiently and results in low hardness, which makes it impossible for the part 
to receive a prescribed load. 

Hardenability is mainly governed by a chemical composition of the steel, and also 
influenced by the austenite crystal grain diameter in the hardenability test. In the 
present invention, the austenite grain diameter is set to a fine level of at least 1 1, and 

25 hence hardenability of the steel can be made to fall within a prescribed range by limiting 
the range of the chemical composition. The range of the chemical composition is set 
not only for ensuring hardenability, but also by considering an effect specific to each of 
the chemical components on each of the properties, as described above. 
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C: 0.8-1.5% 

C significantly contributes to improve hardenability. A certain amount thereof 
is required to ensure hardness for quenching from a low temperature. The lower limit 
there of is set to 0.8% because it is necessary to form carbide serving as a site for 
5 austenite nucleation, the site being effective for refining crystal grains, while the upper 
limit thereof is set to 1.5% because an excessive amount thereof would impair 
workability and coarsen the carbide in carbonitriding. 

Si: 0.4-1.2% 

Si is necessary to ensure long life in rolling. The lower limit thereof is set to 
10 0.4% because a content of less than 0.4% would not clearly exhibit its effect, while the 
upper limit thereof is set to 1.2% because an excessive amount thereof would strengthen 
ferrite and significantly impair workability, and at the same time, inhibit the intrusion of 
carbon and nitrogen in carbonitriding. 

Mn: 0.8-1.5% 

15 Mn is essential for ensuring long life in rolling, as in the case of Si. 

Furthermore, Mn has a significant effect on the improvement in hardenability of the 
steel, and hence is an element particularly indispensable for a large-sized bearing part. 
The lower limit thereof is set to 0.8% to secure rolling-contact fatigue life and 
hardenability, while the upper limit thereof is set to 1.5% because of an excessive 

20 amount thereof would impair workability and cause an excessive amount of residual 
austenite in quenching, which fails to ensure required hardness. 
Cr: 0.5-1.8% 

A certain amount of Cr is necessary. The lower limit thereof is set to 0.5% 
because it is necessary to form carbide serving as a site for austenite nucleation to refine 
25 crystal grains, while the upper limit thereof is set to 1.8% because an excessive amount 
thereof would coarsen the carbide in carbonitriding. 

The concentration of nitrogen in the surface layer above can be set to 0.05- 
0.7wt%. With this configuration, the surface layer can obtain sufficiently high 
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hardness. 

Brief Description of the Drawings 

Fig. 1 A is a drawing for describing a heat treatment method according to an 
example of the present invention, which drawings shows the method of quenching twice. 
5 Fig. IB is a drawing for describing a heat treatment method according to the 

example of the present invention, which drawings shows the method of quenching once. 

Fig. 2 is a drawing that shows a microstructure of a steel in a conventional 
example. 

Fig. 3 is a drawing that shows a microstructure of a steel in the example of the 
10 present invention. 

Fig. 4 is a drawing that shows a relation between a specific surface area and 
surface layer hardness. 

Fig. 5A is a side view of a drawing that shows a rolling fatigue testing machine. 

Fig. 5B is a front view of the drawing that shows the rolling fatigue testing 
15 machine. 

Fig. 6 is a drawing that shows a test piece used for testing static pressure 
breaking strength. 

Description of the Reference Signs 

1: specimen, 2: driving roll, 3: backup roll, 4: cylinder, 5: upper roll, 6: lower 
20 roll, A: carbonitriding (temperature), B: quenching (temperature). 
Best Modes for Carrying Out the Invention 
(Example) 

An example of the present invention will now be described. A rolling bearing 
part evaluated in the present example was the one made of a steel containing 1.0wt% of 
25 C, 0.5wt% of Si, 1.0wt% of Mn, and L0wt% of Cr, the steel being subjected to a heat 
treatment method shown in Fig. 1 A or IB. A heat treatment method shown in Fig. 1 A 
is a method for quenching twice, in which primary quenching and secondary quenching 
are performed, while a heat treatment method shown in Fig. IB is a method including 
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the steps of heating to a carbonitriding temperature A, cooling to a temperature lower 
than a transformation point Al without quenching, and subsequently heating again to a 
quenching temperature B equal to or above transformation point Al and lower than the 
carbonitriding temperature, for quenching. In any case, carbonitriding temperature A 
5 falls within a temperature range of 810-950°C, and the final quenching temperature B is 
750-8 10°C. If nitriding is performed instead of carbonitriding, the same heating 
temperatures are used. As shown in Fig. 1 A and IB, oil quenching is performed as 
quenching, and tempering is performed at 180°C after oil cooling. 

Fig. 2 shows a micro structure of a conventional rolling bearing part (Japanese 

10 Patent Laying-Open No. 2003-226918) to which the heat treatment method shown in 
Fig. 1 A was applied. Fig. 3 shows a micro structure of a bearing part according to the 
example of the present invention, to which bearing part the heat treatment method 
shown in Fig. 1 A was applied. Both of these microstructures had fine grains 
corresponding to a grain size number of 12 in accordance with an austenite crystal grain 

15 size test for steel in the JIS standard G0551, the mean grain diameter thereof being not 
more than 6 (am. In measurement, the number of crystal grains in a prescribed region 
was counted to correspond to the grain size number. The above-described JIS 
standard does not assume crystal grains as fine as those in the example of the present 
invention, and hence the formula in the JIS standard was extended for application. 

20 In order to examine a rolling fatigue life and material property of the part 

fabricated with the steel according to the example of the present invention, hardness 
after the heat treatment, a rolling fatigue test using a cylindrical test piece, a static 
pressure breaking strength, and a rate of dimensional change over time were measured. 
As a comparative example, a part which uses the conventional steel and to which the 

25 similar heat treatment was applied was also tested. In the following, a bearing steel of 
type 2 (JISSUJ2) subjected to the heat treatment in Fig. 1 A is represented as a material 
A (a comparative example). The above-described steel, which contains 1.0% of C, 
0.5% of Si, 1.0% of Mn, and 1.0% of Cr, is subjected to the heat treatment in Fig. 1A to 
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be represented as a material B (an example of the present invention). Furthermore, 
material B processed by lowering the secondary quenching temperature shown in Fig. 
1 A to 780°C is represented as a material BL (an example of the present invention). An 
austenite crystal grain size was 12 in both of materials A and B, while 13 in material BL. 
5 1 . Hardness 

Fig. 4 shows the results of hardness measurement at a position 0.05 mm deep 
from a surface, against each specific surface area (a surface area/ a volume) of various 
shapes of the parts. A smaller value of the specific surface area shows a larger size of 
wall thickness and others, resulting in a smaller amount of heat extracted from the 

10 surface in quenching. Material B (an example of the present invention) has a specific 
surface area not more than the half of the specific surface area of material A (a 
comparative example). However, material B has high surface layer hardness in a stable 
manner even in the range of a specific surface area where hardness of material A (a 
comparative example) is lowered, or in a range of smaller specific surface area. In 

15 other words, the results were obtained reflecting that material B serving as an example 
of the present invention ensures higher hardenability than material A serving as a 
comparative example, in terms of the chemical composition. 
2. Rolling Fatigue Life 

Table 1 shows the test conditions of a rolling fatigue life test, and each of Figs. 

20 5A and 5B shows a schematic drawing of a rolling fatigue testing machine. Fig. 5 A is 
a side view of the rolling fatigue testing machine, while Fig. 5B is a front view thereof 
According to Figs. 5 A and 5B, a specimen 1 was sandwiched by cylinders 4 on its upper 
and lower sides, and cylinders 4 were pressurized by an upper roll 5 and a lower roll 6. 
Cylinders 4 were rotatably driven by a driving roll 2, and allowed specimen 1 to rotate 

25 by pressing themselves against the specimen. In order to stably support the rotating 
specimen 1, a backup roll 3 was brought into contact with the specimen 1 such that the 
specimen was sandwiched by the backup roll and the driving roll, to support the 
specimen. During the test, lubricant oil was supplied from between upper roll 5 and 
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driving roll 2 to flow to the specimen. When the specimen was broken, an anomaly 
occurred in rotational movement, and the anomaly was sensed. 

[Table 1] 
5 Test Conditions 



Test Piece 


cpl2XL12, R480 


Number of Tests Conducted 


10 


Counterpart Piece 


cp20 Roller Product (SUJ2) 


Contact Surface Pressure 


4.16 GPa 


Loading Rate 


20400 rpm 


Lubricant Oil 


Turbine VG68: oiled by forced circulation 



Table 2 shows the test results. Material B is shown to have a longer life, 
namely, an Li 0 life (a life during which one out of ten test pieces is broken) 1 .2 times as 
long as that of material A. Material BL has smaller crystal grains than materials A and 
10 B, and hence has a much longer life. 

[Table 2] 



Test Results 



Material 


Life (Number of Loading Cycles) 


Lio ratio 


L 10 ( x 10 4 times) 


L 50 ( x 10 4 times) 


Material A (Comparative 
Example) 


4290 


8259 


1.0 


Material B (Example of the 
Present Invention) 


5206 


9325 


1.2 


Material BL (Example of the 
Present Invention) 


6341 


10520 


1.5 



15 3. Static Pressure Breaking Strength Test 

Fig. 6 shows a test piece for a static pressure breaking test. The static pressure 
breaking strength test was conducted by applying a load in a direction P to the test piece 
shown in Fig. 6. Table 3 shows the test results. Material B serving as an example of 
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the present invention exhibits a level comparable to that of material A serving as a 
comparative example. In contrast, material BL serving as an example of the present 
invention has higher strength than material A. 

5 [Table 3] 



Test Results 



Steel 


Number of 

Tests 
Conducted 


Static Pressure 
Breaking Strength 


Static Pressure Breaking 
Strength Ratio 


Material A (Comparative 
Example) 


5 


3900 


1.00 


Material B (Example of 
the Present Invention) 


5 


3765 


0.97 


Material BL (Example of 
the Present Invention) 


5 


4150 


1.04 



4. Rate of Dimensional Change Over Time 

Table 4 shows the measurement results of rate of dimensional change over time, 
10 the results being obtained at a holding temperature of 120°C, after a holding time of 500 
hours. In addition to the rate of dimensional change over time, Table 4 also shows 
surface hardness, and an amount of residual austenite at a position 0. 1 mm deep from 
the surface. Although the present embodiment has a larger amount of residual 
austenite, the rates of dimensional change over time of materials B and BL, each serving 
15 as an example of the present invention, are restricted to a rate not more than one-third 
of that of material A serving as a comparative example. 
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[Table 4] 



Test Results 



Steel 


Number of 

Tests 
Conducted 


Surface 
Hardness 
(HRC) 


Amount of 
Residual y 

(%) 


Rate of 
Dimensional 
^nange 
(xlO- 5 ) 


Rate of 
Dimensional 
Change Rate* } 


Material A 
(Comparative 
Example) 


2 


63.2 


15.3 


22 


1.0 


Material B 
(Example of 
the Present 
Invention) 


2 


63.4 


17.6 


6.5 


0.3 


Material BL 
(Example of 
the Present 
Invention) 


2 


63 


15.6 


5.5 


0.3 



A lower rate is superior. 



5. Life Test under Lubrication with Foreign Substance Mixed Thereinto 
A tapered roller bearing 30206 (JIS) was used to evaluate a rolling fatigue life 
under lubrication with foreign substance mixed thereinto, a prescribed amount of 
standard foreign substance being mixed. Table 5 shows the test conditions while Table 
6 shows the test results. 

[Table 5] 

Rolling Fatigue Test Conditions under Lubrication with Foreign Substance Mixed 



Thereinto 



Load 


Fr= 17.64 kN 


Contact Surface Pressure 


Pmax = 2.6GPa 


Number of Revolutions 


2000 rpm 


Lubrication 


Turbine VG56: oiled by oil bath 


Amount of Foreign Substance 


1 g/1000 cc 


Foreign Substance 


Grain Diameter: 100-180 |^m, Hardness: Hv800 
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[Table 6] 



Life Test Results under Lubrication with Foreign Substance Mixed Thereinto 



Steel 


Lio life (h) 


Lio ratio 


Material A (Comparative Example) 


119.9 


1.0 


Material B (Example of the Present Invention) 


111.1 


0.9 


Material BL (Example of the Present Invention) 


143.8 


1.2 



Material B serving as an example of the present invention has rolling fatigue life 
5 approximately 0.9 times as long as that of material A serving as a comparative example, 
and hence has life approximately as long as that of material A. In contrast, material BL 
serving as an example of the present invention has long life, namely, life approximately 
1.2 times as long as that of material A serving as a comparative example. 

According to the results above, the steel that contains 1 .0% of C, 0.5% of Si, 
10 1 .0% of Mn, and 1.0% of Cr and is subjected to the heat treatment shown in Fig. 1A, 

can obtain material quality equal to that of material A serving as a comparative example, 
namely, the bearing steel of type 2 subjected to the heat treatment in Fig. 1 A, and can 
satisfy both of the requirements indicating that decrease in fracture strength and rolling 
fatigue life should be prevented, and that the rate of dimensional change over time 
15 should be lowered. Furthermore, the results show that, if an advantage of high 

hardenability is utilized to lower the quenching temperature to obtain much finer crystal 
grains, each of the properties can be made much superior. 
6. Hardenability Test 

In the present example, the strength is further improved by obtaining a 
20 sufficiently hardened structure even in a part having a large size while maintaining 

favorable property resulting from the fine crystal grains described above, or by further 
refining crystal grains in a part having a small size as conventional. Therefore, samples 
were prototyped with their chemical components varied, to examine the relation among 
a quenching temperature, hardness, and crystal grains. Hardenability of the steel was 
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expressed in distance between a position exhibiting HRC50 in the hardenability test 
above and a quenched end (abbreviated as a Jominy value) to obtain a scale. Table 7 
shows the results thereof 
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Referring to Table 7, if a position exhibiting HRC50 is apart from a quenched 
end by at least 12.7 mm (8/16 inch) as in the specimens 1-4, and 15 in the example of 
the present invention, even a part having a large wall thickness can sufficiently be 
hardened in quenching, and hence obtain long life in a stable manner. Furthermore, in a 
5 part having a size equal to or smaller than a prescribed size, crystal grains can further be 
refined by being quenched at a lower quenching temperature. In contrast, specimens 5, 
6 and 16 in the comparative example cannot sufficiently be hardened, and hence their 
surface hardness cannot be made sufficiently high. 

For the purpose of improving hardenability while maintaining fine crystal grains, 

10 the steel according to the present invention has hardenability that allows a position 

exhibiting HRC50 in the above-described hardenability test method (JISG0561) (Jominy 
value) to be apart from a quenched end by at least 12.7 mm (8/16 inch), and a chemical 
composition that assures such hardenability, within the above-described range of 
chemical components. When the steel having such high hardenability is used, the 

15 quenching rate and the quenching temperature can further be lowered not only for the 
part having a large wall thickness, but also for the part having a small wall thickness. 
Accordingly, quality of the bearing such as accuracy of the bearing and rolling life can 
stably be improved in that quenching distortion is prevented and that residual austenite is 
increased. 

20 The embodiment of the present invention, which includes the examples of the 

present invention, will now be described sequentially. 

As to the part formed of the steel according to the present invention, a value of 
specific surface area represented as a surface area/ a volume can be set to no more than 
0.6. With this configuration, the present invention can be applied to the block-type 
25 part having a sufficiently large size, to ensure long rolling fatigue life and high strength. 
In the heat treatment method for the steel described above, a quenching 
temperature range, which is equal to or higher than transformation point Al and lower 
than a carbonitriding or nitriding temperature, can be set to 750-8 10°C. 
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With this configuration, a super fine austenite grain diameter can be obtained 
while favorable hardenability is ensured, resulting in that long rolling fatigue life and 
high strength can be obtained. 

The heat treatment method described above may be applied to any steel parts 
5 and not restricted to a bearing part, as long as the steel has a carbonitrided layer or a 
nitrogen-enriched layer in its surface layer. Furthermore, the nitrogen-enriched layer 
may be a surface layer formed by carbonitriding, as long as the surface layer is enriched 
with nitrogen, whether or not carbon coexists therewith. 

The quenching temperature in the above-described quenching does not cause 
10 quenching from a completely austenitized state, and may cause cementite to be left 
partially. This quenching temperature, however, provides an almost completely 
austenitized state, and hence a microstructure resulting from the quenching is hardened 
as sufficiently as a structure quenched from a completely austenitized state. It is 
possible to etch the microstructure to reveal austenite crystal grains, to thereby measure 
15 the grain size thereof The austenite crystal grains according to the present invention 
should be interpreted in view of the meaning of the present invention. 

It should be understood that the embodiment disclosed here is by way of 
illustration in all aspects and is not to be taken by way of limitation. The scope of the 
present invention is indicated not by the description above, but by the scope of the 
20 claims, and all the modifications in the scope of the claims and the equivalent meanings 
thereof are intended to be embraced. 
Industrial Applicability 

With the rolling bearing and the heat treatment method for steel according to the 
present invention, a product can be hardened with fine crystal grains maintained, even if 
25 the product has a large size of a wall thickness and others. Furthermore, if the size of 
the product is equal to or smaller than a prescribed size, the quenching temperature can 
be lowered to further refine the crystal grains. It is thereby possible to significantly 
increase the durability of steel parts, such as a rolling bearing, having a nitrogen- 
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enriched layer, and thus the present invention is expected to be widely used for many 
steel parts such as ones associated with vehicle parts and others. 
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